This paper finds empirical support for Taylor (1993) type interest rate determination rule. The model is solved analytically, estimated and used for simulation, impulse response analyses and forecasting with quarterly time series data for the UK and annual time series data for Germany, France, Japan, UK and the US. Results support that such rules implicitly exists during the period of analysis.
I. Introduction
Changes in the interest rates have profound impacts on saving and consumption behaviours of households, on investment and capital accumulation decisions of firms, and on portfolio allocation of domestic and foreign traders in the financial and exchange rate markets. It is generally agreed that these changes affect the aggregate demand and aggregate supply positions in an economy that may occur immediately or over a lag of up to two years ((Keynes (1936) , Hicks (1937) , Phillips (1958) , Friedman (1968) , Phelps (1968) , Tobin (1969) , Kydland and Prescott (1977) , Laidler and Parkin (1975) , Taylor (1987) , Nickell (1990) , Taylor (1993) ). They also influence the expectations and plans of economic agents about their own future and their perceptions about welfare and redistribution of income and about the prospects of the economy. As public fears that the policy makers may react unpredictably even violating promises they might have made for dynamic time consistency and credibility of policy the process of determination of interest requires transparency and co-ordination at national and international levels. UK, Europe and the majority of industrial economies have tried to solve these time inconsistency and credibility problems by making their central banks independent from the whims of the policy makers and initiated a rule based monetary policies aimed to achieve a pre-set inflation target. The short term interest rates have become key instruments to be determined by economic realities rather than by the discretion of the policy makers.
When the interest rate policy is based on rules like this it is possible to trace out the potential effects of interest rates on market rates on various types of financial transactions and subsequent impacts on asset prices, expectations of households and firms and the exchange rates and ultimately through these prices into the aggregate demand, inflation and the rate of unemployment systematically with minimum errors.
How could macroeconomic stability and higher growth rate of output be achieved under such policy rules is explained sufficiently in non-technical terms in MPC (1999) and Bernanke and Mishkin (1997) . Taylor (1993) uses a small scale model which shows how the interest rate can be systematically determined looking at the output gaps and inflation gaps to insure internal and external stability and to reduce the degree of fluctuations in aggregate economic activities. Woodford (2001) has shown how even a small Taylor type model can be consistent to detailed optimisation in more elaborate general equilibrium models though more detailed analyses of consequences of the interest rates by a central bank is often analysed using more comprehensive econometric and general equilibrium models, as discussed in Altig, Carlstrom and Lansing (1995) Given the strengths of a small scale model in explaining changes in the interest rate and its contribution in reducing the fluctuations in an economy, this paper aims to investigate how Taylor (1993) model fits to the interest rate series of the UK and five major industrial economies over last three decades. It complements to applied economic studies on this topics that have appeared in recent years; particularly those relating to the interdependency of real interest rates among G7 economies (Cheung and Westerman (2002) , Ghazali and Ramlee (2003) ) or to G3 economies (Yamada (2002) ) or to Fisher hypothesis (Berument and Jelashi (2002) , Silvapulle and Hewarathna (2002) ). Model discussed in this paper neither directly derives the interest rate rules using optimising models with non-negativity constraints on the interest rate as found in Sugo and Teranishi (2005) nor uses predominance of the majority vote rule over the consensus in setting policy as discussed in Gerlack-Kristen (2005) . The empirical results emerging from single equation or simultaneous equations or panel data or VAR-cointegration models generate results that are comparable to findings seen in studies by Asimakopoulos, Goddard and Siriopoulos (2000) , Brooks and Skinner(2000) , Castelnouvo (2003) , Camarero, Ordonez and Tamarit (2002) , Bacchetta and Ballabriga (2000) Lee (2002) , Butter and Jenson (2004) , Ferris and Galbraith(2003) , Valente (2003) , Ghazali and Ramlee (2003) , Wetherilt (2003 ), Buch (2004 , Staikouras(2004), Mills and Wood (2002) . Some details on issues, methods and major findings of these various studies are given in the appendix. Study reported here also focuses on the long run relationship of the determinants of interest rate and its impacts on output and prices based on cointegration analyses for long run relationship between the interest rate and time series of output gap and inflation gaps in the UK and G7 economies. A simultaneous equation model is used to investigate the interdependency among these variables and a VAR impulse response model is used for analysing the impacts of unit shocks in output, inflation and the interest rate and for forecasting future values of these variables using information contained in their time series. Determinants of the interest rate in this paper are based analytically on the solutions of a second order difference equation for interest determination rule similar to that of Taylor (1993) in section II. A brief discussion of data set used for study is in section III. Empirical relevance of this model is tested with quarterly macro economic time series data for the UK and annual data for five major industrial economies during last three decades in section IV and conclusions and references are in section V.
II. A simple Interest Rate Determination Model
A simple interest rate determination model, originally proposed by Taylor (1993) for the Federal Reserves in the US, can be constructed using three equations. This is similar to the equation for the investment-saving equilibrium relation (IS curve)
in Woodford (2001) , particularly when trends and targets are treated as expectations.
More than one period lag can be assumed between the periods of the decisions of the interest rate and the changes in the output, though it was found not necessary for the current study.
The next equation shows how the price level in this economy responds to the level of economic activities, the aggregate supply. The expectation augmented
Phillips curve in terms of output is given by:
where t π and * t π are actual and target rates of inflation. When the output is above the trend in the last period, it creates an upward pressure in the labour market which raises the wage rate. Increase in the wage rate translates into higher prices and higher rates of inflation. Again this is similar to equation (3) 
If the output gap from (1) and inflation rate gap from (2) 
The stability or convergence properties of the second order difference equation (4) essentially depends The particular or steady state solution is easy, as interest rate in each period equals the steady state interest rate which can be also considered a natural rate of interest, i.e. 
Any short run disturbances from this natural rate should ultimately return to it due to forces of demand and supply in the financial markets and is represented by a homogeneous part of the solution. 
Theoretically the complementary solutions of (7) determined objectively in this manner, can be used to achieve price stability and real growth in the economy (Fisher (1977) , Hanson (1980) , , Sargent (1986) , Mankiw (1987) , Driffil (1988) , Goodhart (1989) Ball and Romer (1990) , Alesina and Summers (1993) , Nordhaus (1995) , Dornbush and Fisher (1993) , Lockwood, Miller and Zhang (1998) , Vickers (1999) , Nelson (2000) , Corsetti and Pesenti (2001), Benigno (2002)).
III. Data Set
Interest rates have changed significantly over the years as shown in Figures 1a-1c . In general they were low and helped to generate unprecedented rate of economic growth in major industrial economies till late 1960s; increased and varied significantly and unpredictably in 1970s and 1980s characterising economic problems and have started changing systematically in a predictable manner as many western economies adopted rule based policy of determining these rates after mid 1990. Interest rates have become major tool for stabilising prices and the markets activities more in recent years.
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Bank 1960 1961 1963 1964 1966 1967 1969 1971 1972 1974 1975 1977 1979 1980 1982 1985 1986 1990 1991 1993 1994 1996 1998 1999 2001 2005 Quarterly fluctuations in the series for the retail price index, growth rate of the real GDP and the Treasury bill rates, which represent the whole varieties of interest rate, from 1970:q2 to 1999:q4 are as presented in Figure 2 . These series were obtained from the macro time series data archive in Essex (http://www.data-archive.ac.uk).
The fluctuations in the rate of interest, inflation and the growth of output were more serious in 1980s than in 1990. The UK economy has been stabilised and moving more towards its natural rate after 1995 particularly after the adoption of inflation targeting rule in 1997 (see Nelson (2000) for more division between sub periods).
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IV. Analysis of Results
Many factors other than the output gap and inflation gap influence the rate of interest in an economy. The econometric models incorporate these missing elements in the model given by equations (1) Next it is shown how the Engle and Granger (1987) or Johansen (1988) procedure can be used to obtain a non-spurious regression between the interest rate and output and inflation gaps even if the interest rate series is non-stationary.
The basic relation between the interest rate and inflation gap and output gap for the UK is as given below. The coefficient in the output gap does not have expected positive sign and it is also statistically insignificant. Above result also suggests that interest rate is more responsive to the inflation rate than to the output gap since the coefficient on output is not significant. These test results are comparable to that of Berument and Jelashi (2002) , Silvapulle and Hewarathna (2002) . In addition the normality test in line with the Engel and Granger (EG) method of cointegration test suggests that residuals from the above regression of the interest rate on output gap and inflation gap are non-stationary and hence this is a spurious regression.
What about estimating the interest rule in terms of the reduced autoregressive second order difference equation equivalent to that given in equation (5) A unique shock to the interest rate by one standard unit reduces the output gap immediately with a lagged response in the rates of inflation; a similar shock to the output equation reduces the interest rate immediately and has lagged response in the rate of inflation rate as shown by graphs in the second row; an unit shock to inflation reduces the interest rate immediately and has lagged response in output gap as shown by graphs in row 3. Though the model converges to the steady state over periods, each of these shocks has its own patterns of impacts. The cumulative shocks corresponding to each of three unit shocks on treasury bills rate, output and inflation gaps in Figure 5 are shown by cumulative response graphs in respective positions in Figure 6 .
Dynamic forecasts along with their confidence bands are shown in Figure 7 . Studying the time profiles of these shocks it becomes obvious that it may take from 4 to 24 quarters for economy to realise the impact of a shock to the interest rate.
The above shocks can further be divided in real shocks to the output and the nominal sector shocks in terms of the interest rate. More detailed estimates for various subperiods between 1973-2000 can be found in Nelson (2000) or in Castelnouvo (2003) . Estimates from a 3SLS method, values in the parenthesis represent t-statistics.
Explanatory power of this model in analysing the behaviour of the interest rate in each economy is quite remarkable as shown by significant t-values for coefficients and higher values of R-square statistics. Sizes of the coefficients of output gap vary substantially across these countries reflecting the link between the interest rate and growth rate of the economy comparable to those found in other studies (Cheung and Westerman (2002), Yamada (2002) ). These output gap coefficients are significant for each of the above countries at one percent level of significance as shown by the tstatistics. These economies reduce interest rate whenever actual output growth rate is below the trend growth rate and raise it whenever the actual growth rate is above the trend growth rate in order to avoid inflationary consequences. There is dissimilarity however, regarding the link between the interest rate and inflation gap among these countries both is terms of size of the coefficients and their significance. All countries except Japan have expected sign of the coefficient on the inflation gap but that is not significant for the US. Despite this the predictive power of each equation remarkably suggests for existence of interest rate rule among these economies during the study period.
When we study the interdependence in the interest rate determination among From economic point of view this result is not very sensible. In theory the interest rate should rise when output is above its trend but here estimated coefficient has a negative sign showing a reverse result. The coefficient on inflation gap has expected positive sign but it is not significant at 5 percent level of significance. These results do not support the hypothesis of interest rate determination rule at aggregate level by G5 countries for this period though it is supposed to be so in the literature (Asimakopoulos, Goddard and Siriopoulos (2000) , Lee (2002) , Butter and Jenson (2004) , Ghazali and Ramlee (2003) , Buch (2004) ). Each of G5 countries were acting independently in determining its own interest rate.
Analyes on how the interest is determined and how it affects other economies requires more detailed specification of demand, production, portfolio allocation and trade structure of the monetary economy in line with Tobin (1969) , Altig, Carlstrom and Lansing (1995) , Corsetti and Pesenti (2001) and Vickers (1998) . Such modelling is subject for further study but beyond the scope of this paper.
V. Conclusion
Analytical solution for interest rate rules in a three equation model is found using a second order-difference equation technique in terms of model parameters.
Those parameters were estimated using the quarterly time series data on treasury bills rate, growth rate of output and inflation rates for UK, the annual time series during the last three decades for Germany, France, Japan, UK and the US. The evidence suggests existence of an interest rule. This empirical model is then applied for impulse response analysis and forecasting.
